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FIELD STUDIES OF SUGAR-BEET NEMATODEl 
By 
GEORGE STEWART and. A. H . BATEMAN~ 
INTRODUCTION 
The sugar-beet nematode has now become of S.mportance in 
Utah. It occurs in spots in practically all of the older beet-
growing districts and in a few parts of the state in much larger 
areas. The intensity of infestation varies from mere traces to 
nearly complete occupation. One of the areas of severe infesta-
tion iIi Utah on a large area is in the Lewiston district, of north-
ern Cache Valley. The survey here reported was undertaken in 
order to find the extent of nematode infestation in Cache Valley 
and the possibility of its control by ordinary cultural practices. 
This survey showed that a severe infestation of nematode is 
highly destructive of sugar-beets, both as to yield and as to 
sugar content. It also brought out that none of the common 
agronomic practices, except rotation of crops, had any appre-
ciable effect in overcoming, or even in offsetting, the injurious 
effects of nematode. On the contrary, it was found that rota-
tion when properly handled could largely offset the effects of 
nematode when present, and would assist in avoiding it when it 
had not yet appeared on a given farm. 
A study of the method by which nematode spreads from an 
infested field to one not infested showed that the hauling of 
dirt from the beet dump was the chief means of scatt€ring. 
Tools with infested dirt on them were also of considerable 
importance. 
HISTORY 
Europe.-Commencing about 1800 sugar-beet growing spread 
rapidly in Germany. There were twenty-one factories in 1836 
and 304 in 1870. High acre-yields had been strong advocates for 
greater acreage. Continuous culture was a common practice. 
lDuring the summers of 1920 and 1921 and during the entire years of 1922 
and 1923, Mr. Bateman was employed by the Amalgamated Sugar Com-
pany ·to make a nematode survey of Cache Valley. A study of the data 
thus obtained, together with some Utah Station data and some obtained 
from several other sources, is reported in this bulletin. The writers are 
especially grateful to Mr. John Comer and Mr. S. Christensen of the 
Amalgamated Sugar Company for the public-spirited manner in which 
they have given permission to publish the valuable information secured 
in the survey along w:ith certain factory records. Appreciation for help 
is also expressed to Mr. W. A. Groom of the Amalgamated Sugar Com-
pany, and to Mr. Gerald Thorne of the United States Department of 
Agriculture for suggestions and information. 
2Graduate student in the Department of Agronomy. 
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During the "sixties", however, yields were noted to be decrea~­
lng in many of the oldest beet-growing districts. Fertilizl!rs 
\-\-ere used in abundance, but still the "exhausted" soils did not 
recuperate. In 1876 it became necessary to close twenty-four 
factories, due chiefly to inability to grow beet crops on what 
had hitherto been regarded as strong beet land. The land was 
now said to be afflicted with "beet weariness". 
In 1881-82 Juliius Kuhn and others fixed the responsibility 
for the trouble on a small soil eel worm discovered in 1869 by 
Schacht. In 1889 an experimental station was founded to study 
methods of destruction. Scarcely had the ill effects in GerInany 
become known before it was found widely distributed in France, 
Holland, Austria, and Finland. 
United States.-In 1908 Bessey found the sugar-beet nema-
tode in California near the oldest factories. Some fields long 
grown to beets with good yields were now producing only about 
one-tenth of a normal crop. Byars in 1912 made a survey of the 
United States, looking for both root-knot and sugar-beet nema-
todes. Several districts in California and Utah were found to be 
infested. Thorne, working for the United States Department of 
Agriculture from 1919 to the present, reported in 1922 a survey 
of 52,674 acres, or about one-twentieth of the sug·ar-beet area. 
Of this area, beet fields totaling 7187 acres were found to be in-
fested, and it was thot that about 1800 acres were actually occu-
pied. Thorne has now found this acreage to be somewhat greatly 
increased and feels that the most disturbing feature of all is the 
widespread occurrence of tiny areas that can hereafter serve as 
sources of infestation for the surrounding fields. 
The Amalgamated Sugar Company prosecuted a field-to-field 
survey in the Lewiston area of Cache Valley, Utah, in 1921, 1922, 
and 1923. This survey was also extended in a less detailed man-
ner into other parts of Cache Valley and into the Ogden district. 
The data of this survey, thru the courtesy of the Agricultural 
Department of the Amalgamated Sugar Company, appear in 
this publication, along with some data from the Utah Experiment 
Station and 'with some other sources. 
DESCRIPTION 
Thorne,1 who has made a close study of the sugar-beet nema-
tode, gives the following description of its life-hi tory : 
"The forms of the sugar-beet n matode that are visible to the naked eye 
are the females and brown cysts, which are about one-fourth the size of an 
.S.D.A. 
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FIG. I.- Brown cyst of the sugar-beet nematode. This is 
full of eggs which h atch intermittently, thus permitting 
a few larvae to issue at intervals, for several years in 
some cases. The cyst is the toughened and darkened 
abdomen of the female nematode which dies when the 
egg sack is filled a nd matured. (Courtesy G. Thorne, 
Sugar Plant Investig3.tions, U.S.D.A.) 
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ordinary pinhead. Practically speaking, these forms are masses of 200 to 
600 nematode eggs. These eggs are about one-three-hundredth of a n inch 
long and one-half as thick. From them hatch very small, almost colorless, 
thread-like larvae, which average one-sixtieth of an inch long. They are 
equipped with a strong spear with which they force an opening into the 
roots of the beet where they feed on the plant juices and then molt. 
"Up to the time of molting there is no visible difference between the 
sexes, but afterwards there is little similarity. The males remain similar to 
the larvae except that they are somewhat larger and that their tails are blunt 
and their spears stronger. After maturing they break their way from the 
roots and go in search of the females. 
"After molting the second time the females are flask-shaped. As their 
size increases they break through the beet tissues and remain attached by ' 
their heads. Here they are fertilized by the males and soon develop into 
lemon-shaped bodies. A gelatinous semi-transparent fluid is excreted, which 
collects in a mass about the posterior end, often filling the space between the 
female and the beet root. Into this mass eggs are deposited and there 
hatch, the larvae finding their way into the soil or into the beet. The num-
ber of eggs deposited varies from a few to upward of a hundred from each 
female, and since several generations occur there are enormous numbers in-
festing the beet by the end of the season. 
"As the season advances many of the females change in color from white 
to dark brown, becoming what is commonly known as the brown-cyst or 
preservation form. In this form the dead body of the female remains a 
protecting sack for the eggs with which she was filled, and in it they may 
lie dormant for many years. Just how long is not known. Each year, when 
favorable soil and moisture conditions occur, a few of these eggs hatch. The 
larvae escape from the cyst either through the anal opening or through the 
opening left when the female broke loose from the beet root. This leaves the 
cyst intact and a protecting cover to the eggs remaining within it." 
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FIG. 2.-Larvae of sugar-beet nematode. The spea r can be seen in the 
head of each larva (Courtesy G. Thorne, Sugar-Plant Investiga-
tions, V.S .D.A.) . 
INJURY 
Inj ury to the beet occurs on both the root and the top. 
Roots.-Beet nematodes pierce the epidermis of the roots and 
hinder the intake of water and plant nutrients. 'The ehief injury 
occurs in the cortex, the soft tissue just beneath the epidermis, 
which is sometimes so badly punctured as to cause a eollapse of 
cell tissue and a shriveling of the epidermal cells . The cell walls 
of the water-transport tubes (or xylem) and the whole mass 
seems to lose its cellular structure, or rather to form great num-
F IG. 3.-Diagram of the h ead of a nematode. The spear, by 
means of which roothairs a re entered, is shown. (Courtesy 
G. Thorne, Sugar-Plant Investigation s, V. S. D. A.) 
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bers of giant cells, which crowd in and interrupt the continuity 
of the conducting tissues of the roots. An abnormal manner of 
growth results. Since the conducting tissues of the roots have 
lost their continuity, the fluids are prevented from passing .from 
the body of the beet to the zone of growth. The inflow of soil 
solutes is also hindered. On this account the p1ants are almost 
as poorly provided with water and with mineral nutrients as if 
they possessed no roots, even when available nutrients and mois-
ture are abundant in the soil. New rootlets are developed in 
their place. These new ones become infested, and thus the cycle 
is repeated until the beet carries a dense mass of rootlets, which 
condition has given rise to the name of "whisker disease" for the 
nematode. 
The incessant stimulation to the development of new rootlets 
still further exhausts the beets and also puts the beet into a con-
dition that favors further fungal and bacterial invasion. Badly 
injured roots are easily killed by damping-off fungi or by other 
organisms similar in their method of attack. 
Leaves.-The sugar-beet nematode never attacks the foliage, 
but as the leaves depend upon the roots for water and for mineral 
nutrients the processes in the leaves are hindered. The retarda-
tion of the intake of water permits the leaves to become limp. 
Because of the incapacity of the roots to supply the demands of 
the beet, the cells in the leaves lose turgidity, i.e., become lax, 
and growth and storage are proportionately reduced. 
Especially is this relation important in photosynthesis. Car-
bon dioxide enters the leaves thru the stomata, is dissolved in 
water, and in this condition passes into the cells and comes in 
contact with chlorophyll. The plants are unable to bring about 
effective photosynthesis after a reduction of the water content 
has caused a closure of stomata, and has thus cut off the inflow 
of carbon dioxide into the leaves. 
THE SURVEY 
During the three seasons of 1921, 1922, and 1923 personal 
visits were made to most of the sugar-beet f ields in the Logan, 
the Smithfield, and the Lewiston factory districts of the Amal-
gamated Sugar Comp?-ny. All areas showing any symptoms of 
nematode infestation, and many other areas showing no symp-
toms, were examined for nematode. The purpose was to find out 
about how much of the area fit for beets was actua ly in beets 
and how much of this was infested with nematode. The field 
service of the Amalgamated Sugar Company had been encourag-
ing farmers to refrain from growing beets year after year on 
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infested land. This survey made possible a check as to whether 
any considerable tendency to rotation had been started on land 
known to be infested. 
Table 1 shows that about 20 to 40 per cent of the land fit for 
beets was in beets, but the 40 per cent occurred only in the 
Cornish district where nematode had not been found to any ex-
tent. In the Logan, the Smithfield, and the Lewiston districts 
the percentage of land fit for beets that was actually growing 
beets was only about 20 to 23 per cent. In the Logan and the 
Smithfield districts most of the infested land was being grown 
to other crops, some to peas, some to grain, and some to alfalfa. 
In the Lewiston district 495 acres of infested land on seventy-
one farms were still in beets, but here also the tendency to rota-
tion was strong as witnessed by the fact that 751 acres of in- \ 
fested land were in crops other than beets. It is thot that a con-
siderable part of the 495 acres of continuous beets on infested 
land in 1923 has since been grown to other crops. 
TABLE 1.-Comparison of Total Area Fit for Beets, Area Actua lly in Beets, 
Area Infested, Area in Continuous Beets, and Area Being Sown 
Occasionally to Some Crop Other than Beets. 
I F actory -District I 
- ----------7, "l::"""L-og- a-n I Smithfield I Lewiston I Cornish I Total 
Total area fit for beets 
11,797 (acres) ...................................... 16,898 16,979 10,756 56,430 
Total in beets ................................ 2,461 . 3,877 3,892 4,331 14,561 
No. of acres infested .................. 819 719 2,135 .-.----- 3,673 
No. of farms infested .................. 147 174 204 --_.---. 525 
Croppmg System of Infested Land 
Continuous beets 
1 
..... ---' No. of acres .......... .......... .. ........ 67 76 492 635 
No. of farms .... .......................... 41 29 71 141 
Grain only 
No. of acres .............................. 265 105 425 795 
No. of farms .............................. 30 20 40 90 
Peas only 
No. of acres .............................. 421 51 93 No. of farms ... .................... ....... 18 18 36 
Peas and grain or potatoes I 
No. of acres ........................... ... 37
1 
4:6 5 88 
No. of farms .............. ................ 11 24 7 42 
Alfalfa alone or in combination 
No. of acres .............................. 167 ' 155 321
1 
643 
No. of farms ............... ............... 64: / 35 157 256 
Table 2 gives data regarding the rate of spread of nematode 
in the Logan, the Smithfield, and the Lewiston factory districts. 
Since only the land growing beets each season was examined, 
seeding the land to a crop other than beets had t.he effect of 
reducing the reported number of farms and the area infested. It 
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is clear, nevertheless, from the data, that the nematode was 
spreading rather rapidly to new land. Til1age operations pro-
moted this spread once spots of nematode appeared. The 
probable origin of new spots is shown later in Table 23. 
Effect of Nematode on Sugar Content and Purity.-As al-
ready indicated, the nematode not only reduces the tonnage yield 
of beets themselves, but also the sugar content of the beets and 
the purity of the extracted juice. 
TABLE 2.-Number of F arms Infested with Nematode, Total Area Fit for 
Beets, Total Area Infested, and Area Probably Infested by Tillage 
Operations in the Logan , the Smithfield, and the Lewiston 
Factory Districts (1922-1923) 
Year and Nature of Data Taken 
1921 
No. of farms infested ............................... . 
Total acres fit for beets on infested 
farms ..................................... ~ .................. .. 
Total acres infested ................................. . 
Acres newly infested, probably by till-
age operations ...................................... ... . 
1922 
No. of farms infested .................... ......... . 
Total acres fit for beets on infested 
farms ......................................................... . 
Total acres infested ................................ .. 
Acres newly infested, probably by till-
age operations ......................................... . 
1923 
No. of farms infested ............................. . 
Total acres fit for beets on infested 
farms ......................................................... . 
Total acres infested ...... , ......................... .. 
Acres newly infested, probably by till-
age operations ........ ................................. . 
I Factory District 
I Logan I Smithfield 1 Lewiston 1 Total 
4:7 
829 
315 
51 
76 
1659 
565 
52 
66 
1949 
669 
40 
91 
1473 
388 
45 
69 
1658 
483 
15 
59 
2085 
573 
63 
131 
4613 
1289 
28 
99 
~915 
1350 
120 
96 
6005 
1563 
181 
269 
6915 
1992 
124 
24~ 
8232 
2398 
187 
221 
10,097 
2,805 
284 
3-year average spread, probably by till- / 
age operations (acres) ........................ .. 47.6 / I 109.61 198.1 
In order to determine the influence of nematode, comparative 
studies were made of sugar percentage. The tests were ar-
ranged in series, and the averages computed therefrom are 
shown in Table 3. The sugar in pounds per acre is based upon 
the sugar content of the beets. It will be noted from an ex-
amination of the table that nematode decreases the yield, lowers 
the sugar content, and depresses the purity, thereby markedly 
decreasing the acre-yield of sugar. As the average w'eight of 
the sample beets increased, the percentage of sugar and the 
purity decreased. That the average beet free from nematode 
was comparatively larger and also had a higher sugar test is 
therefore doubly important. 
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TABLE 3.-Comparative Percentages of Sugar in Beets and of Purity 
from Areas Infested and Uninfested with Nematode 
(Logan, Smithfield, and Lewiston Factory Districts) 
I A vg. Wt. Beet I Sugar I Purity I Sugar Per Acre 
No. Infested Infested Infested Infested Infested Infested Infested 1 Infested seriesl I Not 1 \ Not I \ Not 1 1 Not 
( oz. ) 1 ( oz. ) ( % ) 1 ( % ) 1 ( % ) 1 ( % ) (lbs. ) 1 (lbs.) 
1 33.1 / 
2 23.5 
3 33.71 
4 28.2 
5 37.5 
6 25.3 
7 25.4 
8 19.1 
9 22.2 
10 31.0 
11 37.6 
12 15.0 
13 35.5 
14 25.6 
15 22.1 
16 
\ 
23 .0 
17 35.0 
18 I 32.1 19 20.2 20 40.2 
Total / 565 .31 
Grand 
28.2 \ Avg. 1 
40.2 1 
34.1 1 
24.3 
28.3 1 
33.3 
48.2 1 
32.0 
27.3 
35.1 
32.2 
35.5 
33.2 / 
30.8 
39.2 1 
29.1 1 
25.2 1 30.1 
27.1 
33.2 \ 
36.1 
654.7 1 
32.7 \ 
12.7 1 
12.6 
11.1 
12.2 
11.2 
12.01 
12.2 1 12.5 
10.7 
10.t' 
10.5 
13.2 
14.5 
14.5 
13.9 
14.9 
9.9 
12.2 
13.1 
10.0 
243.9 \ 
12.1 1 
13.2 1 
13.5 
15.8 
14.6 
14.7 
13.7 1 
14.21 15.5 
13.2 
15.0 
15.3 
14.2 
16.5 
14.8 
14.7 \ 
17.0 
14.0 \ 
14.9 
14.1 \ 
12.3 
81.1 1 
84.5 
71.5 
78.8 
79.7 
78.7 1 
81.7 1 
73.5 / 
75.8 
82.3 \ 
2.2 
79.2 
76.3 
79.1 
72.5 
73.2 
71.1 
81.2 
73.1 
71.1 
82.8 1 
9.9 1 
86.0 
82.2 
85.7 
86.0 
86.2 
7. 0 
3.8 
85.2 
82.7 
81.0 
87. 9 
77 .2 
83.1 \ 
90.1 
79.3 
83.1 
84.1 
75.9 
291.2 / 1546.6 / 1679.21 
14.5 1 77.3 1 83.9 
301.0 1 
3290 
2010 
3520 
2670 
3340 
263° 1 1260 
2990 
3581 / 
3341 
1590
1 
3340 / 
25 60 
2340 
3270 
2450 
2970 
2130 
1970 
54262 1 
1 
2713 1 
3620 
4030 
3036 
3780 
3050 
3670 
4090 
3592 
4150 
4360 
4195 
3780 
4590 
3760 
3501 
4860 
3420 
4102 
3611 
3320 
76517 
3825 
A study was made on fields near the Lewiston factory of the 
effect of nematode on the percentage stand just after thinning 
(June) and just before harvest (September). Infested areas 
in seven fields were taken and three counts were made in each 
area, the count consisting of the number of beet plants in 100 
feet along the row. The beets were harvested separately from 
each row and weighed. The areas chosen were so selected as to 
have a severely infested area beside a non-infested area. Table 
4 shows that about as good stands were obtained just after 
thinning on infested land as on uninfested land, but by Septem-
ber the stand had decreased from 82 to 60 per cent on infested 
land as compared to a decrease of from 81 to 78 per cent on 
un infested land. Normal tillage, irrigation, and hoeing killed 
only three beets in each 100 feet, but where nematode occurred 
this pest killed eighteen additional beets to each 100 feet. The 
acre-yield was 9.7 t ons on infested land as compared with 16.2 
tons on uninfested land. This is a decrease of 6.5 t ons an acre, 
or 40 per cent. It is apparent from these figures that not only 
did nematode reduce the stand, but that it also made the beets 
smaller. 
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FIG. 4.-Effect of nematode on the size of sugar-beets. The two middle 
beets are not infested at all, but the two at either end are-the two 
on the left end severely so. (Courtesy, G. Thorne, Sugar-Plant In-
vestigations, U. S. D. A.) 
11 
Fall Planting.-In order to test the effectiveness of fall 
planting as a method of securing increased resistance of beets 
to nematode, field tests by the Amalgamated Sugar Company 
were carried ou't during the fall of 1922, under the direction of 
Mr. S. Christensen. It was thot that possibly the uniform cool-
ness would harden off the beet plant, thereby making it suf-
.ficiently resistant to withstand the more severe spring frosts so 
fatal to new stands of spring-sown beets. The conditions of 1922 
seemed ideal for the success of the experiment; nevertheless, 
many beets succumbed to the injury of frost, and most of the 
others were so retarded in growth as to be held in check by 
weeds. Spring-planted beets of the same areas made a quick 
start and W1ere soon ahead of beets sown in the fall. On account 
of being unable to control the weeds and on account of the dying 
of beets, on May 25th in Logan the fall-sown beets were har-
rowed and re-seeded. Beets in Amalga and Lewiston were 
similar in that winter-killing was so marked that a · good stand 
after thinning was deemed impossible. The areas of poorer 
stands were resown in the spring. The fall-sown beets that did 
survive were far apart and made enormous growth. About 20 
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TABLE 4.-Number of Beets Per 100 Feet 'a fter Thinning (June 15th) 
and before Harvest (September 10th) and the Acre-yield 
in Tons. (Severely Infested Areas Compared with 
Areas Free from Nematode) 
Field No. 
and Time 
I 1st Tria l I 2nd Trial I 3rd Trial I Average 
I Severe I Free I Severe I Free I Severe I Free I Severe I Free 
I-June 
1 
81 83 81 1 84 / 82 82 81 83 I-September 55 80 41 83 47 81 53 81 
2-June 94 92 96 94: 93 88 94 92 
2-September 70 88 77 76 69 80 71 85 
3-June 45 44 53 44 4:7 54 48 47 
3-September 36 44 36 43 42 45 38 44: 
4:-June I 85 87 93 89 89 83 89 86 4-September 38 85 38 86 44 83 4:0 84: 
5-June 64 63 66 62 72 72 67 65 
5-September 62 64 54 57 74 71 63 64 
6-June 92 97 95 96 93 96 95 96 
6-September 54: 94 60 95 59 91 58 93 
7-June 98 98 98 97 98 98 98
1 
97 
7-September 33 99 62 97 26 97 40 97 
Average 
June 82
1 
81 
September 60 78 
Acre-yield ( t ons) 
Field 
Degree of Infestation 11 21 3 1 4 1 51 61 7 
Severe 7.7 / 10.5 / 6.4 / 5.4 / 10.5/ 7.9 / 9.7 Free 11.0 12.7 7.9 12.1 11.6 11.6 16.2 
Loss (tons) 3.3 \ 2.2 \ 1.5 1 . 6.7 / 1.1 / 3.7 / 6.5 Loss (per cent) 30 17 19 55 10 32 40 
per cent of them developed seed stalks in August and September. 
No favorable results regarding nematode control were obtained. 
FaD Plowing vs. Spring Plowing.-Has the time of plowing 
anything to do with the control of nematode and with the final 
yield of beets grown on infested land? It is known that on 
heavy soils, fall plowing produces a better physical condition for 
the retention of moisture and for uniform aeration. It was also 
suggested by some that the exposure of the soil to frost might 
favor the destruction of nematode cysts. 
A study of the effect of fall plowing gave the results shown 
in Tables 5 and 6. In heavily infested fields fall plowing was of 
questionable value, tho on lightly infested land it gave a sig-
nificant increas'e in yield over that obtained from spring-plowed 
land. 
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TABLE 5.- Yields of Sugar-beets as Influenced by Time of Plowing 
on Lightly Infested L and. 
Year 
1920 
1921 
1922 
1923 
Average 
Fall Plowed 
No. \ Total I Aver ageTons i 
Acres I Tons 1 per Acr e I 
451 975 1 21.6 1 
881 9241 10.5 
45 585 1 13.0 1 
10 ! 145 . 14.5 1 
47 1==65::::::7 1.. 14.9 1 
Spring Plowed 
No. 1 Total 1 Avenge Tons 
Acres 1 Ton s 1 Per Acre 
62 752 12.1 
32 282 8.8 
20 222 11.1 
10 88 8.8 
41~. 336 \ 10~ 
TABLE 6.- Yields of Sugar-beets as Influenced by Time of Plowing on 
Heavily Infested Land 
Fall P1Qwed Spring Plowed 
No. \ Total 1 A verageTons I No. I Tota l I A verageTons Year Acres 1 Tons 1 Per Acre Acres Tons Per Acre 
1920 75 808 \ 10.7 \ 74 648 8.9 
1921 56 28°1 5.61 79 440 5.7 1922 30 76 9.2 21 168 8.0 
1923 15 165 11.0 12 144 12.0 
Average 44 1 3821 9.1 1 46 1 350 1 8.6 
Six fields heavily infested with nematode averaged 8.9 tons 
an acre. In 1920 the average yields for lightly infested fields 
averaged 21.6 tons to the acre for fall plowing and 12.1 tons per 
acre for spring plowing. A further examination of comparative 
results in some instances shows spring-plowed land to have 
produced larger yields than did fall-plowed land. This me'rely 
indicates that fall-plowing has not destroyed the cysts, and that 
under conditions of heavy infestation the time of plowing is a 
secondary factor, severity of infestation being the factor of 
primary importance. It is apparent, therefore, that the im-
portance of the time of plowing decreases as the density of in-
festation increases. 
Effect of Seedbed on Yield.-There ar.e many advantages 
derived from a good seedbed on uninfested land. Table 7 shows 
the yields of heavily infested areas to be extremely low as com-
pared with yields from areas of less extreme infestation. A 
good seedbed on infested land did not make it possible to obtain 
a profitable tonnage, the yield being in proportion to the density 
of infestation without r elationship t o the quality of seedbed. 
Table 8 indicates that the tonnage decreases not only in 
. proportion to density of infestation, but that on lightly or 
moderately infested land it also decreases with the poorness of 
the seedbed. 
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TABLE 7.-Yields of Sugar-beets as Influenced by Good Seedbeds 
on Land Infested with Nematode. 
Year 
1920 
1921 
1922 
1923 
Average 
lieavy lnfesta tion Light Infestation 
I Nt) . I Total IAverageTonsl No. ~ Total \AVerage Tons I Acres Tons 1 Per Acre 1 Acres 1 1'ons Per Acre 
50 425 8.5 ! 207 1514 7.3 
15 155 10.3 1 
5 45 9.0 1 
69.2 1 534 1 8.81 
119
1 
1787 
95 1211 
80 1048 
551 8855 
87.2 1 3225 1 
15. o 
12.7 
13.1 
16. 1 
14.2 
TABLE 8.-Yields of Sugar-beets as Influenced by Condition of the Seed-
bed on L and Moderately Infested with Beet Nematode. 
Good Seed-bed Poor Seed-bed 
Year 
No. I Total \ Average1'ons \ No. \ 1'otal IAverage Tons 
A.cres Tons P er Acr e Acres Tons 1 Per Acre 
1920 177 1830 10.3 1 62
1 
559 9.0 
1921 311 3457 11.11 198 1569 7.9 1922 10 100 10.0 1~ 1 165 11.0 1923 5 30 6 30 5.0 
Average 125 1 1354 1 9.3 1 70 1 580 1 8.2 
Number of Cultivations.-No matter how perfect the germ-
ination stand and the stand after thinning or how well all 
previous operations were performed', success in securing a good 
yield under normal conditions rests htrgely with the farmer 
and is measured in a considerable degree by the kind and num-
ber of cultivations given. During the growing season, the con-
dition of the seedbed is altered by rain, by wind, by sunshine, 
and by irrigation. On heavy soils, neglect of cultivation means 
that air necessary for the plant roots is shut off, evaporation 
is increased, the soil los~s its tilth, and weeds come up. 
Table 9 shows the effect on yield of a varying number of 
cultivations. On areas that were heavily infested, the value of 
a different number of cultivations could not be determined 
because the extreme density of infestation covered up the effect 
of the cultivations. In case of lightly infested areas, yields in-
creased with the number of cultivations. 
TABLE 9.-Yields of Sugar-beets with Different Number of Cultivations on 
Land Infested with Nematode. 
No. of 
Cultivations 
0-4 
5-8 
Heavily Infested Lightly Infested 
I I Total , Average Tons 1 1 Total I Average Tons Acres Tons I Per Acre 1 Acres 1 Tons I Per Acre 
\ 
19 \ 163 \ 8.5 \ 186 \ 2119 \ 11.4 
76 638 8.4 27 388 14.3 
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F IG. 5.- Barley lodging due to rank gr owth. This land was heavily 
infest ed w ith nematode an d then manured in an effor t t o incr ease 
the yield. Sugar-beets gave practica lly no incr ease in yield, but the 
r ank growth of barley the next season showed t hat t he low yield 
of beet s was not due to low soil productivity. 
Effect of Manure.-Many farmer s have held the idea that 
beets can be successfully grown even on land severely infested 
with nematode if a high state of fertility be nlaintained. If by 
the systematic application of farm manure the soil is built up, 
they maintain, beet s would make favorable growth in spite of 
the nematode. On many farm.s which have been systematically 
manured during several years, the farm operators have in-
creased the application of manure, especially to areas where 
yield was known to be on the decline as a result of nematode 
infestation. It is demonstrated that where seed is planted in a 
good seedbed and where manure has increased the fertility of 
the soil, the young plants will make a quick start. It is thot 
that with a vigorous start, the beets will in a week or two make 
enough headway to be considerably ahead of · normal. The idea 
was that on the highly fertilized soil the beets would increase 
in weight and in vigor sufficiently to resist the attacks of 
nematode. The effect of manure was studied carefully during 
four years, under the extreme drouth of 1921 and under the 
more favorable conditions of 1920, 1922, and 1923. 
Yields were obtained from farms on which a careful system 
of manuring had been carried on for ten to fifteen years, from 
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which a normal tonnage had been obtained during the earlier 
periods of cropping, and from which during the last five to 
eight years there had been a decline in yield due to increased 
severity of nematode injury. Numerous observations and data 
based on actual yields plainly indicate that even the systematic 
application of manure does not offset the injury due to nema-
tode. Table 10 shows that the yield of heavily infested areas 
is less than half the yield from areas of light infestation. 
Altho the available fertility has been maintained at a maximum, 
the population of nematodes on heavily infested land has been so 
increased as to overcome the favorable effect of high fertility. 
TABLE 10.-Yields of Sugar-beets as Influenced by Heavy Application 
of Manure on Infested Land. 
Heavily Infested Lightly Infested 
Year ) 
No. I Total I AverageTons I No. I Total \AVerage Tons 
,Acres Tons Per Acre Acres Tons Per Acre 
1920 200 1576 7.8 223 3967 17.7 
1921 150 900 6.0 210 2730 13.0 
1922 75 525 7.0 203 3248 16.0 
1923 7 59 8.4 120 1800 15.0 
Average 108 1 765 1 7.31 1891 2936.21 15.4 
Table 11 indicates the beneficial effects of manure on yield 
of land not infested with nematode. The yields increased with 
the quantities of manure, whereas on infested land, the yield 
decreased in almost direct proportion to the density of infesta-
tion. 
TABLE 11.-Yields of Sugar-beets as Influenced by Different Quantities 
of Manure on Land Free from Infestation and on Infested Land. 
Amount of Manure I I Old Feed 
Applied............................ 0 Tons 5 Tons 20 Tons Yard 
Degree of Infestation .... 1 Heavy I Free 1 Heavy I Free IHeavY I Free lHeavYI Free 
Average Tons on Acre I 5 I 7 I 8 1 9 I 7 I 15 I 5 I 21 
When the land is highly frertilized, many beets appearing to 
be healthy and attaining a large growth are found to be 
severely infested, whereas on depleted soils beets with fewer 
numbers of nematodes show distinct signs of injury. Altho the 
yield will be greater on Infested land that has been manured, 
the nematodes often increase in such proportions as to render 
high fertility of no real value in securing a profitable tonnage. 
Gypsum.-On land to which varying quantities of gypsum 
were applied, an examination of the beets showed an equal in-
festation on the beet roots whether the land received large or 
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small amounts. Gypsum seemed to have no influence whatever 
on nematode. 
Calcium Cyanamid.-In order to test the effect of calcium 
cyanamid on the control of the nematode, test plots were laid off 
16.5 feet wide by 100 feet long. Ten rows were sown in each 
plot. Before seeding, quantities of calcium cyanamid were 
dusted on the land in varying amounts. Table 12 indicates a de-
crease in the germination stand in proportion to the quantity 
used. The strongrer applications of calcium cyanamid killed 
most of the seedlings. This plot was later reseeded so that the 
stands are based upon the replanted area. An examination of 
the contents of the soil show that many larvae were killed, but 
that the larvae in the brown cysts were uninjured. The beets 
of the treated plots showed infestation as early in the season as 
those of the untreated plots, indicating no real benefit from 
the treatment. 
TABLE 12.-Yields of Sugar-beets as Influenced by Different Quantities 
of Calcium Cyanamid Applied on Land Infested with Nematode. 
I Treated Treated Treated I Calcium Calcium Calcium 
Treatment Cyanamid Un- Cyanamid Un- Cyanami6 Un-I 2% lbs. treated 5 lbs treated 10 lbs. treated 
a sq. yd. a sq. yd. a sq. yd. 
Germ. Stand \ 
Per 100 Ft ..... 561 826 338 914 190 847 
Thinned Stand I 
Per 100 Ft ..... 73 89 62 35 56 93 
Yield in Lbs. I 
Per Plot. _______ 1462 1521 1001 150Q 819 1530 
Summer Fallow.-In order to test the value of summer fal-
low on the control of the nematode, a number of uncropped fields 
were cultivated frequently to keep down the weeds. Table 13 
indicates that yields were probably increased by fallow. All these 
areas still show infestation, altho thousands of nematode cysts 
are empty. The stirring of the soil during the ' hot summer 
months would cause the death of active nematodes coming out 
of the cysts, but the amount of reduction in nematodes due to 
fallowing the land was not enough to be very significant. 
Any fallow system, intended to exterminate nematode, would 
be confronted with the difficulty of the long period ' in which 
viable eggs remain in the brown cyst. Summer fallow is also 
open to the further objection that the land lies unproductive and 
that there is usually a loss of organic matter. Moreover, light 
sandy soil such as occurs in Lewiston and Cornish is subject to 
shifting by high winds. 
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TABLE 13.-Influence of Summer Fallow on Yields of Sugar-beets on 
Land Infested with Nematode. 
Years Before Fallow I After Fallow 
Summer No. I Normal/Yield Obtained I No. I Acre-~ield 
Fallowed Fields I Yield (tons) I Acres I (tons) 
------::-~ ----7- !- -l i~ I 1 870 1----=-:3~::-----';-1--1::-:·~:----
3 1 I 13 4 11 
Drainage.-It is the conception of some that the nematode fs 
able to thrive best in wet areas that need draining. Some 
farmers have drained their land, thinking that this would re-
duce the loss from nematode. To test the significance of this, 
data were obtained from fields now containing heavy densities 
of nematode, where previous to 1916 and 1917 the land was 
water-logged. Many of these areas produced only a 9-ton aver-
age acre-yield previous to being drained. The installation of a 
drainag'e system in 1917 caused a rapid rise in the tonnage the 
first three years. After 1919 when nematode injury first be-
came noticeable, the nematode spread rapidly. Table 14 shows 
that even on drained land there was a decline from the normal 
yield as a result of increase of nematode. 
Climate.-It is recognized that yields are just as dependent 
upon favorable climatic conditions, such as temperature, wind, 
precipitation, etc., as upon the fertility of the soil. For example, 
the inadequate precipitation of 1921 accounted in large measure 
for the conspicuousness of Phoma beta which further accentu-
ated the low yields due to drouth. Impoverishment of the soil 
and the action of nematode in weakening the beets render them 
predisposed to Phoma. Because such diseases come to our 
attention only at times when the precipitation is low or when 
other unfavorable climatic factors occur, these diseases are said 
to be periodic. When, however, they do injury year after year 
regardless of the variation of climate, they are then said to be 
persistent. It is thot by some that nematode is periodic, that 
its development is favored some years and greatly retarded other 
years in manner similar to that of Phoma beta. Where nema-
tode has become a factor, the trend of fluctuation is always 
downward and it never again under continuous culture reverts 
to the normal productive mean. It will be noticed that the 
downward trend of tonnage is not only in direct proportion to 
the density of infestation, but that it is also further accentuated 
by unfavorable seasonal conditions. The same tendency is also 
shown in Table 15. This relation is emphasized by the sharp 
decline of the yield in the dry season of 1921; in the more favor-
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able seasons of 1922 the yield again increases to the plane of 
production set by the presence of nematode. 
Year 
1920 
1921 
1922 
1923 
Average 
TABLE H.- Influence of Drainage on Yields of Suga r-beets 
on Infested Land). 
Heavily Infested Lightly Infested 
No. I Total 1 Aver<:. geTons I No. I 
Total 1 A v.erage Tons 
Acres I Tons 1 P er A cre Acres Tons 1 Per Acre 
10 105
1 
10.5 1 20
1 
300 1 15 
10 75
1 
7.5 1 20 200
1 
10 
9 91 10.1 [ 18
1 
275 15 
9 55 6.0 1 15 240 16 
9.5 1 81.5 1 8.5 i 18.2 1 253.71 14 
Unfavorable climatic factors are accompanied by a retarded 
growth and a weakened condition of beets, permitting many to 
die out in spots where only few nematodes occur. On bare land, 
that is, where the beets are all killed, some of the larvae will die 
when their food supply is diminished. Tho this condition brings 
about the dying of great numbers of nematodes, it seems to be 
rather insignificant since the numbers left to attack the crop 
in the first favorable season are great enough to do serious 
injury. 
Year 
1920 
1921 
1922 
1923 
Avera ge 
T ABLE 15.- Yi elds of Sugar-beets as Influen ced by Seasona l 
Variations. 
Heavily Infested Lightly Infested 
No. 1 Total 1 A v er ageTons I No. I 
Total 1 Avera ge Tom 
Acref: I 'rons I Per Acre Acres Tons l Per Acre 
200 1 1576
1 
7.8 223 3967
1 
17.7 
150
1 
490 3.2 210 1680 8.2 
75 525 7.0 203 3224 16.0 
56 1 470 1 8.4 120 1800 ! 15.0 
120 1 765 1 6.6 1 189 1 2665 1 14.2 
Table 15 shows the influence of season upon yields in differ-
ent localities of Cache Valley from 1920-1923, inclusive. Aver-
ages of the entire district should tend to offset occasional errors 
arising because of decrease in tonnage due to poor seedbeds, to 
time of sowing, to nematode, and to other factors. It will be 
noted that while the trends vary from the normal they again 
fluctuate . back to normal. The maintenance of normal average 
yields is due to rational methods of rotation, to fertilization, to 
new land coming into cultivation, and to the employment of 
better cultural methods. 
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TABLE 16.-Yields of Sugar-beets as Influenced by Optimum Irrigation 
on Land Infested with Nematode (except in 1921 when there 
was a scarcity both of r a infall and of irrigation water) . 
Heayily Infested Lightly Infested 
No. I Total I A verageTons I No. I 
Total l Average Tons 
Year Acres l Tons P er Acre Acres Tons Per Acre 
1920 46.2 407.37 8.8 28.7 / 449.91 15.7 1921 50 250 5.0 28 224 8.0 
1922 25 187.5 7.5 20 I 263 13.1 1923 15 139 9.3 10 153 I 15.3 
Average 34 246 7.7 1 21.7 1 272.5 1 13.0 
Irrigation.-A study was made to ascertain the influence of 
irrigation on yield of land infested with nematode. The same 
irrigation treatment was given during the years 1920, 1921, 1922 
and 1923. Table 16 indicates that the application of an optimum 
supply of irrigation water was not effective in obtaining 
maximum yields. The yields of the heavily infested areas are 
abnormally low as compared with the lightly infested areas, even 
tho the amount of water supplied was optimum. In 1921, how-
ever, the yield was not only decreased because of nematode, but 
there was an added decrease in proportion to scarcity of rain-
fall and of irrigation water. Neglecting properly to irrigate 
infested beets (as compared with the same treatment of beets 
free from nematode) will cause an abnormal decrease in yield. 
On land infested with comparatively few nematodes, a moderate 
scarcity of water will cause beets to die, whereas beets on land 
free from nematode will be able to withstand a medium degree 
of drouth. This comparatively diminished resistance to drouth 
is due to the plugging of the vascular bundles, which results in a 
diminished water transportation. The ability of fluids to pass to 
zones of growth is decreased. Areas of moderate infestation 
that showed stunting in 1922 because of nematode, in 1923 
showed a surprising uniformity of stand,-fully as good as sur-
rounding areas free from infestation. The lack of sufficient 
moisture to supply the needs of plants decreased the stands even 
on uninfested areas. An example in which the lack of uniform-
ity of moisture was correlated with nematode injury is the 
sub-irrigated district of Lewiston, where lack of uniformity in 
the water-table and in the elevation of the land makes it almost 
impossible to apply an even irrigation. Some areas receive an 
oversupply of water, whereas on others it is impossible to supply 
an adequate amount. In many cases, two to five inches of dry 
soil may be found at the surface, and this is a serious handicap 
to the young beets where nematode is a factor. The resistance 
of the beet and its capacity for obtaining soil solutes is in many 
F IELD STUDIE ' OF S UGAR-B EET N E MATODE 21 
TABLE 17.- Yields of Sugar -beets as Influen ced by Water-table 
Varia tions on H eavily In~ested Land 
Year 
1920 
1921 
1922 
1923 
Average 
Wid~ Varia tions in the 
Water-table 
Slight Varia tions in the 
Wat.er-table 
I No. I Total IAverageTons \ , No. 1 Total I Average Tons Acres Tons Per Acre Acres I Tons 1 Per Acre 
150 1 1650 11 125 1125 9 
12°1 720 6 135 675 6 139 1668 ' 12 101 1010 10 
91 819 9 648 5184 8 
125 1 1214 1 9.51 252 1 19981 8 
cases reduced, with a corresponding decrease in tonnage , of 10 
to 50 per cent. Tables 17 and 18 show that wide variations in 
the water-table did not materially affect yields on heavily 
infested land but greatly decreased yields on lightly infested 
lands. Heavy nematode infestation had apparently reduced the 
yield to a point so low that the rising and falling of the water-
table did not depress it further. 
TABLE 18.- Yields of Sugar-beets as Influenced by Water-table Varia tions 
on Lightly Infested Land. 
Wide Varia tions in the Slight Varia tions in the 
W ater-table W ater-t able 
No. I Total I A verageTons \ No. \ Total [Average Tons Year Acres Ton s I Per Acr e Acres Tons I P er Acre 
1920 501 5001 10 206 3296 16 
1921 381 228
1 
6 182 1728 9 
1922 471 517 11 150 2100 14 
1923 311 279 9 122 1830 15 
Aver age 41.51 3811 9 I" 165 1 2238.5 1 13.5 
Effect of Soil Type.-Table 19 indicates that there is no 
important relation between soil type and the increase or decrease 
of nematodes, if the crop yields under the different conditions 
are taken as evidence. Nematode will no doubt have a greater 
vitality and power to increase as the texture and structure 
allow optimum conditions of moisture, temperature, and aera-
tion. On the other hand, conditions such as the extent and the 
Soil 
Type 
Clay 
Loam 
Gravelly 
Sandy 
Average 
TABLE 19.-Yields of Sugar-beets a s Related to Soil Type. 
Heavily Infested Lightly Infested 
with Nematode with Nematode 
;----;---,---- -=--I No. I Total IAverage Toml No. I Total \AVera ge Tons 
I Acres I Tons I Per Acre Acres Tons Per Acre 
30 300 10 300
1 
3900 13 
175 1575 9 560 8960 16 
10 60 6 80
1 
880 11 
120 960 8 570 6840 12 
84
1 724 1 , 8.2 1 377.51 5145 1 13 
= 
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FIG. 6.-Growth and stand of beets grown continuously on land heavily 
infested with sugar-beet nematode. Compare with Fig. 7. 
degree of infestation, the rate of scattering by cultural and 
irrigation practices, and the length of time that beets have been 
grown on land infested, all seem to hide the effect of soil type. 
Thus, type of soil seems to be a minor factor in the effect of 
nematode under the persistent culture of sugar-beets. 
Crop Rotation.-The value of crop rotation as a means of 
controlling nematode has long been recognized, but sufficient 
information has not hitherto been available to permit the making 
of deJinite recommendations as to what constitutes an adequate 
cropping system for the rotation. A cropping system that will 
allow beets, to be grown frequently and that will permit a large 
acreage and still maintain maximum yields is highly important 
in Utah. If the extent and the degree of nematode infestation 
on the various . farms of a factory district are ascertained and 
if definite know1edge is available as to the effectiveness of 
various sorts of rotation, a cropping system can be adjusted to 
meet the varied oonditions of diff'erent farms. With knowledge 
of this nature it is possible to approximate the area of beets 
which may safely be grown on the individual farms. Such a 
course would do much to insure the industry even in the face of 
a general nematode invasion. . 
Effectiveness 'in combatting the sugar-beet nematode de-
pends upon the possibility of exhausting the cyst of its contents. 
The influence of rotation on the percentage of live eggs and of 
larvae remaining in brown cysts is shown in Table 20. The 
FIELD STUDIES OF SUGAR-BEET NEMATODE 23 
FIG. 7.-Growth and stand of beets on heavily infested land. In this case 
the land has been rotated to other crops just previous to the crop of 
beets here shown. Compare with Fig. 6. 
percentages of live eggs and of larvae were found to be reduced 
to a minimum at the end of the fourth year. . 
The dormancy period has been determined to be about six 
years. In view of this it would not be advisable to grow beets 
on heavily infested land until the dormancy period has elapsed 
in order entirely to rid the brown cysts of their contents. Tho 
there be only an average of 1 or 2 per cent of live eggs in the 
cyst, the prolificacy may in one year increase the numbers 
sufficient to enable them to injure the crop. The total number 
of cysts varies from 100· to 600 million an acre when beets are 
again planted. An attempt to grow beets the second year in 
succession would in all probability be disastrous. The absence 
of further decrease during the period between the fourth and 
seventh years is due t o the carrying over of nematodes on weeds. 
The decrease during the first four years is of sufficient mag-
nitude to indicate the tendency toward elimination of the cyst 
contents. A limited number of eggs still remains in cysts at the 
end of the fourth year, but there are about enough nematodes 
living on weeds to counterbalance the subsequent decrease. 
Nematodes. are known to live over on mustard, on lamb's quar-
ter, on redroot pigweed, and on garden cabbage. 
In testing the effect of different crops on the nematode, the 
fewest live eggs and larvae were found in the case of potatoes, 
due to the efficiency of weed control. On alfalfa the percentage 
survival is higher due to the carry-over on weeds. It is rather 
comm,)n to see mustard growing up in alfalfa during the early 
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TABLE 20.-Percentage of Eggs and Larvae in Cysts as Influenced by 
Different Crops Grown for Two Years on Infested La:c.d After 
Sugar-beets Have Been Discontinued. (1) 
/
parcentage of Cysts Still Holding Given Percentage of 
Original Eggs and Larvae 
Crop Grown \ \ \ \ I I / /A;i~_e-II ~~;! 
2 Years after Beets 100% I 90% 75% 50% 25% Empty I Total I ning % 
1-altalfa I 0 2.01 2.76 3.10 ~:!~I 83.9 2-altalfa 0 O.H 1.20 1.50 92.9 3-alfalfa 0 2.45 3.96 4.60 14.00 76.7 ~-altalfa 0 1.22 1.98 2.30 7.00 88.3 
Average No. of 
II 600
1
1 540
1
1 450
1
1 300
1
1 150
1
1 
I II Eggs in Cysts 01 
Total Eggs Found / 
in 1000 Cysts 01 6681 8991 6901 850\ 01 3107160,000/ 5.2 
5-Grain 
1 
4.02\ 1.84 \ 3.04\ 6.1\11.2 \ 79.~\ 5895\60,000/ No. of Eggs 24 993 1367 1830 1680 9.82 
6-Potatoes ~\ 0.74\ 0.90\ 1.88\ 5.81\ 90.~\ 1914\60,000\ No. of Eggs Found 39 40 764 871 3.30 
(1) Calculated from Thorne's results on dormancy period of nematode. 
spring. In case of grain the carry-over is comparably high, due 
to the greater number of weeds. 
Table 21 and Fig. 8 indicate the influence of the number of 
years of rotation on infested land, whereon the yields had been 
greatly reduced by heavy infestation. The yield gradually 
recovered as the length of the rotation approached the fourth 
year. After the fourth year the yield varied slightly above and 
below normal yields. The ineffectiveness of a short change of 
crops is indicated by the failure of the 1-year rotation. The 
results of these observations indicate that a normal yield on 
land heavily infested with nematode cannot be obtained till the 
fifth year, that is, with four years of other crops between two 
beet crops. 
Table 22 indicates that tho the yield of infested land during 
the first year after rotation is satisfactory, the yield of a second 
successive beet crop is likely to be nearly as poor as that obtained 
previous to rotation. 
Because the greater part of the beet area is yet free from 
infestation, the influence of normal fluctuations of the districts 
as a whole is of sufficient magnitude to cloud the effects of 
nematode infestation. 
METHODS AND RATE OF SPREAD 
Source of Infestation.-A study was made to determine the 
most likely means of nematode introduction into fields previ-
ously free from infestation. If these methods of spread could 
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TABLE 21.-Acre-yields of Sugar-beets on Infested Land as Influenced by the 
Number of Years Between Beets and Crops Other Than Beets 
(Logan, Smithfield and Lewiston Factory Districts) 
Number Yields Per Acre as Influenced by Number of Years in Rotation 
of Years Yield I Yield I Yield I Crop I 
I Percent· 
in Rota- Before After After Used in No. age of 
tion Infestation Infestation Rota tion Rotation Acres Normal 
15 ~ . 3 \ 5.5 I Alfa lfa I 10 I 18 5.7 Peas I 7 15 9.2 ( 8.1(e'8 
I 
10 
10 6.4 5.9 Peas 5 
1 Year 13 5 o Peas 2 
17 10 9 Gra in 10 
15 10 5 Grain _ 4 • • 
17 5 -( .2 Grain 35 
I 16 6.3 5.4 Potatoes 5 18 12.21 8.9 Potatoes 7 
91 I 9.1 37.4 
5 I 
Total I 154 I 76.4 \ 57.7 1All Crops 
Avera_g_e~I ______ ~1~5_.-(~I ______ ~7~. 6~ _____ ~5~.~8~I A~I~I~C~r_o_p_s~ _ ___ ~~______ _ 
I 
17 I 67 1 9.3 I Alfalfa 2 Years 13 10' 12.7 Peas 
17 7.9 10.5 Grain 
Total I 47 1 24.6 1 32.5 1All Crops 
Average I 15.6 1 8.21 10.8 1All Crops 
3 Years 
I 
Total I 
Average I 
, 
I 
I 
4 Years 
Total \ 
Average 
I 5 Years I 
Total 1 
Average I 
6 Years\ 
Total I 
Average I 
15 
17 . 
16 
13 
14 
75 
15 
18 
16 
14 
13 
13 
15 
16 
15 
H I 
134 I 
15.0 1 
12 
17.5 
17.8 
15 
21 
21 
13 
15 
122.31 
15.3 1 
17 I 15 
32 I 
16 1 
10.5 
7.2 
11.3 
7.5 
9.9 
-(6.4 1 
9.3 1 
12.3 
10.5 
7.3 
9 
10 
10 
9 
10 
11 
89.1 \ 
9.9 
9 I 
13 I 
5 
8 
7 
9 
9 I 
7 I 
67 1 
8.4 1 
6 I 
10 I 
16 
I! 8 
13.7 \ Alfalfa 
14.3 Alfalfa 
15.5 1 Alfalfa 
10.3 Clover 
2.1 I Grain 1 
55.9 1 All Crops 
13.3 1 All Crops 
17.6 1 Alfalfa 
17.2 1 Alfalfa 
12.9 Alfalfa 
14 Alfalfa 
15.9 Alfalfa 
14.9 Alfalfa 
17.1 Alfalfa 
17.9 Alfalfa 
15 Alfalfa 
-142.5 1 Alfalfa 
15.81 Alfalfa 
11.9 1 Alfalfa 
15.5 Alfalfa 
12.9 Alfalfa 
12.9 Alfalfa 
23 Alfalfa 
20 Alfalfa 
16.9 1 Alfalfa 
13.2 1 Alhlfa 
125.3 1 Alfalfa 
15.4 1 Alfalfa 
18.2 / Alfalfa 
16.3 Alfalfa 
34.5 I Alfalfa 
17.2 1 Alfalfa 
3 
34 I 
42 ! 14 I 68.1 
15 
16 
20 
5 
10 
66 I 13.2 88.6 
4 
4 
3 
5 
10 
5 
3 
4 
I 3 I 
41 / 4.5 100.0 
3 
10 
10 
11 
4 
23 
10 
4 
75 ! 9.3 100.0 
~ I 
~.5 1 100.0 
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TABLE 21.-(Continued) 
Number Yields Per Acre as Influenced by Number of Years in Rotation 
of Yean: Yield I Yield I Yield I Crop /percent-
in Rota Before After I After Used in No. age of 
tiOD Infestation Infestation I Rotation Rotation Acres I Normal 
\ 
18 I 7 I 15 I Alfalfa 3 I 
7 Years 15 11 15.7 Alfalfa 7 
Total I 33 I 18 I 30.7 I Alfalfa 10 I 
Average I 16.51 9 I 15.3 :Alfalfa 5 100.() 
8 Years I 16 I 10 I 17 IAlfalfa 4 I 100.0 
I 18 I 7 I 20 IAifalfa 10 I 
11Yearsl 16 I 5 I 17 IAlfalfa 10 
Total I 34 12 I 37 \Alfalfa 20 I 
Average I 17 6 i 18.5 Alfalfa 10 100.0 
Years I i"8 7 I 17 IAlfalfa 5 I 
be entirely avoided, the most important phase of the problem 
would then be solved. An examination of Table 23 indicates that 
probably the most common way in which nematode finds its 
way into hitherto u;ninfested beet fields is by the receiving of 
beet-dump dirt. Ev n during dry weather it is seldom that a 
farmer gets all his own dirt back; consequently, when a load of 
infested beets is unloaded some of the infested dirt finds its 
way into the wagons of other ff ~rmers. During wet weather 
much dirt sticks to the side of the hopper, and thi~ intensifies in 
.< /-----_._--.--
/' 
~. / ' 
/0 -
fO / ~ 
-" ~ 7" 
. / 
"- / .. ~ ,. / \. ~ I 
~ 50 I 
'- / ~ 
." / .. 
" 
.---':"--~ -
3, 
70 
/0 
vr~·6,:::fj::· a I :z - .~ 41 -'i 6 7 
F IG. 8.- Yield of beets on infested land, expressed in per centage of normal 
yield when beets had no other crop between successive beet crops and 
when other crops were grown for one to seven years between beet crops. 
One year of other crop was without effect, but the yield increased r apidly 
when other crops were grown two, three, or four years. More than four 
years was of no fur ther value. 
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FIG. 9.-A pile of dirt from a beet wagoil. Emptying dirt from a beet wagon 
is very bad practice as mu h of the d ·rt re ei ed from beet-dumps is 
infested. It is thot th3.t the new s[.ots are due to hauling back dirt. 
Wagons should be emptied on waste land. Emptying on roads allows 
vehicles or other wagons to carry it to the land. 
a great degree the opportunities for spread. The greater the 
number of fields and the greater the extent and the severity of 
infestation, the greater the danger of introduction into hitherto 
uninfested fields. 
Many farmers have discontinued hauling the dirt back to the 
beet field, but others still continue to scatter infested dirt, not-
withstanding repeated suggestion to the eontrary. 
It might be expected that farmers, after having been 
warned of the danger of such practice would discontinue, but 
the evidence does not bear this out. In 1923, on fifty-six fields 
where no previous infestation had been found, piles of dirt were 
found on grain, alfalfa, and beet land, of which 15 per cent were 
found to be infested. This tendency is confirmed by Table 23. 
Altho these fields had not shown infestation during the inspec-
tions of 1920, 1921, and 1922, many fields were found with 
small and apparently newly-established spots of nematode in 
1.924. 
Tillage· Operations.-After nematodes are introduced into a 
field, they are spread from the initial points by cultural opera-
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T ABLE 22.-Average Acre-yields of Sugar-beets the First and the Second 
Season after a Period of Years of Rotation to Crops 
Other than Beets. 
No. of Years 
Between 
Beet Crops 
I Yield I Yield - I 
I Before After \ 
Yield 1st '1-
Year After 
Rotation 
2d 
3 
4 
4 
5 
5 
6 
7 
12 
Infestation I Infestation 
12.01 8. 3 
16.1 7.1 
14.2 11.4: 
15.4 9.2 
14.1 7.5 
16.3 10.9 
18.0 7.5 
18.0 7.7 1 
:-===== 
Rotation 
13.1 1 
15.7 1 
16.01 14.3 
13.2 
18.5 1 15.2 
17.1 
Year 
9.1 
6.7 
10.9 
10.1 
8.6 
15.2 
9.6 
9.4 
tions. It has been previously shown that the spread is brought 
about by plows, drags, harrows, cultivators, lifters, and irriga-
tion water. Table 2 shows that once introduced the spread is 
rather rapid. The direction of greatest spread follows the direc-
tion in which the land is worked. Based on these observations, 
these two recommendations seem warranted: 
(1) Infested. iand should always be worked separately from 
land free of infestation. Often a piece of newly broken alfalfa 
land free from infestation is infested by being worked along with 
an adj acent piece of infested land. 
(2) Wherever land is inf€sted it should be worked only one 
way. One farmer reverses each year the direction in which 
the rows run. For example, in 1922 the rows were run north 
and south; three rows near the middle of the field running the 
entire length were heavily infested. In 1923 the rows were run 
east and west, . and the infestation of almost the entire field 
resulted. 
Relation of the Number of Years in Continuous Beets to the 
Extent and the Degree of Infestation.-The fields were classi-
fied according to the~number of years consecutively in beets and 
TABLE 23.-Relative Importance of Probable Methods of Transportation 
of Nematode to New Yields (as well a s this eouid be determined 
some years afterward). 
Method of No. of I Percentage of Infes-
Transportation Fields 1 tation by Method 
Hauling Infested Dirt from Beet Dump I 417 1 83.4 
Use of Infested Tools...... ........................ I 50 I 10.0 
Seepage and Waste Water.................. 1 15 3.0 
:~~~s of .. A~i·~~i·~~ .. wh·~·~I~ .. ~f .. W~g~~·~·, I 9 1 1.8 
Fe~d~~·~y o~~~~:st~d .. B~~t .. ·T~P·~~~· ... ·.~~·.·.·.~·.·.~ I ~ ~:: 
100.0 Total ................ .... ........................................ I 500 I 
~====================== 
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TABLE 24.-Showing Relation of Number of Consecutive Years in 
Sugar-beets to Degree of Severity of Infesta tion. 
No. of Years I No. ot Fiefds with Varying Degrees of Infestation 
in Beets -,-- Light Moderate Severe 
1 to 5 I 75 32 6 
6 to 10 27 30 
11 to 15 31 29 38 
16 to 20 6 18 19 
21 to 30 7 6 8 
29 
ac;cording to the severity of infestation. It appears that the 
length of time in beets has no important relation, if we take the 
data of Table 24 which indicates the general tendency of farms 
in Cache Valley. 
There is considerable evidence that there are still many 
fields not yet infested which have grown beets from twenty to 
thirty years and which still continue to produce high yields. 
That the rate of spread is dependent upon other factors is evi-
denced by the rapid spread and increase in new districts where 
beets have been grown only a short time. 
Yields of Other Crops on Land Heavily Infested with Nem-
atode.-There have been noticeable variances in the yield of 
crops other than beets in different areas, the low yields being 
attributed by some farmers to nematode; but when heavily 
infested land was sown to other crops there was a very luxuriant 
growth, especially from spots where nematode had killed beets 
out for several years in succession. (See Fig. 5) . Apparently so 
far as crops other than sugar-beets were concerned, a nematode-
infested spot had the same effect as a good fallow, t hat is, pro-
ductivity was much increased. 
Own Movements.-In order to study the rate of spread by 
the nematode itself, two small spots in different fields were 
staked, and methods in the care of beets were used which were . 
not conducive to spread by cultural or by other artificial meth-
ods. It was found that the r ate of spread by its own move-
ments is very limited, probably not more than a few inches in 
a season . 
• 
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DISCUSSION 
Of the many agronomic methods known to increase the yield 
of beets (whether directly or indirectly) fall plowing, thoro 
preparation of the seedbed, numerous cultivations, the addition 
of farm manure and of chemical fertilizer, summer fallow, drain-
age of wet land, better irrigation, and crop rotation were all 
observed as to their effect on yield of beets on land infested with 
nematode. Where the nematode infestation was in its initial 
stages, that is, confined to small spots in the field or where 
there· was general infestation but not of severe type, each of 
these better agronomic practices \-Vias found to produce an in-
crease in the acre-yield in a degree that might ·be considered 
significant. In cases where the land was severely infested with 
nematode, none of the practices studied except crop rotation had 
any appreciably beneficial effect on the acre-yields. In other 
words, a severe infestation of nematode created a condition 
which in itself limited the yield to a point considerably below 
the range in yield over which the practices studied normally 
operated. Added vigor of growth due to the addition of farm 
manure (even in rather large quantities) was non-operative on 
severely infested land. The same was found to be true for 
drainage of wet lands or for better irrigation of drier lands. 
Severe infestation of nematode had already reduced the yield of 
beets to a level significantly below what it would have, been on 
normal uninfested land to which was applied the poorer irriga-
tion treatment or to which a good drainage system was not 
added. None of the practices except crop rotation had any sig-
nificant effect on the yi'eld of beets on severely infested land. 
On the contrary; crop rotation had an almost immediate ef-
fect. When infested land that had been growing sugar-beets 
was sown to another crop for one season there was little increase 
in the yield of the l1ext crop of beets, provided in the second year 
it was sown back to beets. When two years of other crops inter-
vened between beet crops, the second beet crop showed a notice-
able increase in yield. With three years between two beet crops, 
the yield of the second beet crop was still higher. Four years 
of other crops gave a yield about equal to that which would have 
• been obtained had the land not been infested. After the fourth 
year there was no further increase in yield due to a longer period 
between the two beet crops. 
Unfortunately,' when beets were grown two successive sea-
sons, the second crop was much lower in yield than was the first. 
There were not enough nematodes left in the soil after four 
years of crops other than beets to prevent a good yield, but 
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when they could again feed on sugar-beets they multiplied rap-
idly enough to become a menace if beets were grown the next 
year on the same land_ 
The Amalgamated Sugar Company recognized this situation 
several years ago, and the fieldmen have consistently urged the 
farmers to rotate other crops with beets on land known to " be 
severely infested. Some of this land is now coming back into 
sugar-beets and, as the data already presented show, good yields 
have been obtained from the first beet crop,-sometimes from 
the first two crops. 
The Agronomy Department of the Utah Agricultural Experi·· 
ment Station has for several years advocated for good uninfested 
land a 10-year rotation consisting of alfalfa 5 years; silage corn 
or potatoes 1 year on the freshly broken alfalfa sod ; sugar-beets 
with manure 1 year; peas, beans, or some other crop (prefer-
ably a legume) 1 year; sugar-beets with manure 1 year; small-
grain 1 year and back to alfalfa, with the alfalfa seeded with 
the gr~in or after the grain is harvested. This gives seven years 
between two beet crops and one year between the next two. For 
infested land this could be varied by having alfalfa occupy the 
land either more or less than five years and by putting one or 
more small-grain crop and one crop of potatoes between the 
two beet crops that come close together. Should it be desirable 
to have more than 20 per cent of the land in sugar-beets, the 
time de:voted to alfalfa could be shortened one or even two 
years. If no nematodes were present, two, three, or even four 
beet crops might be grown in succession, tho a break with pota-
toes or with peas would be desirable. On infested land, two beet 
crops in an 8- or 10-year rotation is about all that can be ex-
pected. Careful management, however, would insure depend-
ably good yields-such that the sugar factories would know the 
total tonnage of beets they might expect year after year. Thi~, 
in the end, is what will stabilize the beet-sugar industry. Many 
tons of beets of good sugar content and of high purity from 
fewer acres of properly rotated and well-tilled land is an end 
more satisfactory both to the factory and to the farmer . . 
(College Series No. 220) 
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GIST OF NEMATODE FIELD STUDIES 
Sugar-beet nematode, an extremely destructive pest in 
parts of Europe and America, now occurs in Utah in a 
few areas of considerable size and in many smaller areas 
which are increasing in size from year to year. 
At maturit'y the body of the female nematode becomes 
a toughened sack full of eggs, which hatch and emerge a 
few each year for several years. 
Except for crop rotations, all common agronomic prac-
tices that normally increase yields were found of no avail. 
One year of other crops between two beet crops on 
heavily infested land was of no measurable benefit. Two 
years of other crops gave some increase in yield, three 
years considerable, and four years almost entirely restored 
the yield. Beets c~n be grown with safety only one year 
at a time after four years of other crops on heavily 
infested land. 
About 20 per cent of heavily infested land can be grown 
successfully in beets. The secret is to have four years of 
other crops and then one year of beets. A suggestive 
rotation is alfalfa, 3 to 5 years; si lage corn or potatoes, 1 
year; sugar-beets (with manure), 1 year; small-grain, 1 
year; potatoes (with manure) or corn, 1 year; and grain 
(with alfalfa seeded in the spring with the grain or in 
midsummer after the grain is removed), 1 year. 
Since dirt from beet dumps is the most common 
source of new infestation, it should not be returned to 
farming land or dumped on roads whence wheels and 
brake-blocks may carry it to the fields . . 
Messrs. John Comer and S. Christensen of the 
Amalgamated Sugar Company have generously permit-
ted many of their data to appear in this bulletin. 
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